Glass and Ceramics 


Vol. 61, Nos. 1 - 2, 2004 


SCIENCE FOR GLASS PRODUCTION 


UDC 666.1.053.562:658.562.3 

OPTICAL INTERFERENCE SYSTEM FOR CONTROLLING FLOAT-GLASS 
RIBBON THICKNESS AT HOT STAGES OF PRODUCTION 


M. A. Novikov , 1 A. D. Tertyshnik , 1 V. V. Ivanov , 1 V. A. Markelov , 1 A. V. Goryunov , 1 
P. V. Volkov , 1 A. P. Morozov , 1 V. N. Chuplygin , 1 A. I. Granek , 1 S. Yu. Knyazev , 1 
Yu. A. Mishulin , 1 and V. P. Peskov 1 


Translated from Steklo i Keramika, No. 2, pp. 5-9, February, 2004. 

Anew multichannel system for technological control of float-glass thickness at the beginning of the annealing 
furnace based on the interference principle of thickness measurements is described. The system provides for 
continuous control of float-glass ribbon thickness simultaneously at several points (from 1 to 10) in real time 
with an error of 5 pm. 


The float-process is currently the most effective method 
for high-quality sheet glass production. One of the trends in 
improving the float process consists in constant monitoring 
of glass ribbon parameters at the stage of its formation. A 
significant aspect of this monitoring is measuring the glass 
ribbon thickness beyond the edge-forming machines at the 
end of the float-tank or at the beginning of the annealing 
furnace. 

Such measurements are needed primarily for effective 
control of the production line when changing from one par¬ 
ticular thickness to another. This transition inevitably in¬ 
volves glass melt losses, which are proportional to the dura¬ 
tion of the transition. In the case of traditional monitoring of 
the glass ribbon thickness at the cold end of the line, substan¬ 
tial time losses are caused by the time lag between the opera¬ 
tor’s actions in the hot zone and obtaining information on the 
results of these actions at the cold end of the line. Such delay 
is equal to the time it takes the glass ribbon to move from the 
molding zones (edge-forming machines) to the control zone. 
For typical process parameters this time is about 30 min. The 
ribbon thickness control in front of the annealing furnace 
(immediately after the edge-shaping machines) significantly 
reduces the time lag in the operators’ response to this delay 
and thus reduces time and glass losses in such transition. Fur¬ 
thermore, such control allows for more precise adjustment of 
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ribbon thickness to the bottom boundary, which also contri¬ 
butes to saving glass melt. 

The system of glass thickness control in the hot zone has 
to meet stringent requirements: It has to operate continuously 
during the full service life of a float-glass production line 
(about 10 years) and be stable in transition from one thick¬ 
ness to another, even at the moment of a very fast change of 
the glass ribbon thickness. To control the cross-section pro¬ 
file of a glass ribbon, the system should ensure measure¬ 
ments of thickness at various points across the ribbon. Ser¬ 
vicing the system should not be complicated, and at the same 
time it should be protected from damage during such emer¬ 
gencies as breaking of the glass ribbon. 

The multichannel optical system for technological con¬ 
trol of glass ribbon thickness in the hot zone developed at the 
Institute of Microstructure Physical of the Russian Academy 
of Sciences satisfies the above requirements. 

At present, the thickness of a float-glass ribbon is mainly 
controlled using triangulation optical methods, which are 
based on slanting illumination of glass with a collimated 
light beam and measuring the lateral shift between the beams 
reflected from the upper and the lower glass surfaces 
(Fig. 1). In methods known as “moire methods” a beam pro¬ 
jected on glass has a complex structure, which provides for 
more accurate measurement of the shift between the beams. 
Measuring systems based on the triangulation principle are 
offered by Grenzebach Maschinenbau GmbFl and Beta In¬ 
strument Europe Companies [1,2], 
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Fig. 1. System for measuring glass thickness by the triangulation 
method: 1 ) light source, 2 ) incident beam; 3) glass; 4 ) reflected 
beams; 5) recording device; D) distance measured between re¬ 
flected beams proportional to glass thickness. 


Fig. 2. System for measuring thick¬ 
ness by the interference method (the 
paths of the incident and reflected 
beams coincide; the interference image 
is processed in a remote measuring 
block connected with the optical head 
by a fiber-optic cable): 1 ) fiber-optic 
cable; 2 ) optical head; 3 ) incident 
beam; 4 ) glass; 5) reflected beams. 

An alternative approach to measuring glass thickness is 
based on observation of the interference image created by 
light beams reflected from the upper and lower surfaces of 
the glass ribbon (Fig. 2). This image is determined by the op¬ 
tical pathlength difference of interfering beams. Under nor¬ 
mal incidence of the probing beam on a glass ribbon, this dif¬ 
ference is equal to twice the optical thickness of the glass, 
i.e., twice the product of the glass thickness by its refractive 
index. 

The optimum, although not the only possible, geometry 
for interference measurement of glass ribbon thickness is the 
normal incidence geometry, in which the probing beam is 
oriented perpendicularly to the glass surfaces. In normal inci¬ 
dence geometry, the interference method has significant ad¬ 
vantages over the triangulation method. In contrast to trian¬ 
gulation measurements, interference measurements are virtu¬ 
ally free from errors related to nonuniform thickness of the 
glass ribbon (non-parallel lower and upper glass surfaces) or 
air turbulence in the space between the glass and the gage 
head. Nonuniform thickness of the glass ribbon In triangula¬ 
tion measurements results in a measurement error on the or¬ 
der of a L (a is the wedge angle; L is the path between the re¬ 
flection point and the gage head). Because of L the measure¬ 
ment error can become significant even with low values of a. 
In interference measurement, nonuniform thickness leads to 
a negligibly small error ~ a 2 , which does not depend on the 
distance between the glass and the gage head. This is espe¬ 
cially important for reliable work of the measuring system in 
transition from a certain glass thickness to another, when de¬ 
viations of glass surfaces from parallel can be significant. 


Air turbulence above the glass ribbon may arise due to 
inhomogeneity of temperature inside the annealing furnace, 
or in supplying air from outside. In triangulation measure¬ 
ments, air turbulence leads to a random error in measuring 
thickness due to refraction of reflected beams on random 
heterogeneities of the turbulent medium. The said error 
grows with increasing path of the beams in the turbulent me¬ 
dium. This makes it necessary to place the gage heads either 
very near the glass ribbon in the high-temperate zone, or be¬ 
neath the glass ribbon, where turbulence is weaker, but there 
is a risk of the heads being damaged in the case of a ribbon 
break. In interference measurements, both reflected beams 
pass via the same inhomogeneities of the medium; therefore, 
their pathlength difference does not change, and no error 
arises in measuring thickness. The low sensitivity to nonuni¬ 
form thickness of the glass ribbon and to air turbulence 
makes it possible to place the gage heads of the interference 
system at a substantial distance from the glass ribbon, out¬ 
side the high-temperature zone. This ensures mild tempera¬ 
ture conditions for the gage heads and ease of their adjust¬ 
ment and servicing, as well as prevents damage of the gage 
heads from the glass ribbon fragments in breaking. 

Thus, the interference principle of measuring glass rib¬ 
bon thickness has substantial advantages compared to the tri¬ 
angulation method, especially for high-temperature measure¬ 
ments. However optical interferometers are traditionally con¬ 
sidered to be very sensitive to mechanical and thermal ef¬ 
fects; therefore, they are not applicable under hot-production 
conditions. The recent progress in laser and fiber optics re¬ 
cently has made it possible to develop new noise-resistant 
interference measurement methods, which can be used un¬ 
der the most severe industrial conditions (RF Patents 
Nos. 2141621 and 2147728). 

The optical interference system developed by us is in¬ 
tended for continuous control of float-glass thickness in the 
beginning of the annealing furnace (zone A). The system 
consists of four main blocks: measuring blocks, optical heads 
(whose number is equal to the number of measurement chan¬ 
nels), a fiber-optic cable, and a control block (Fig. 3). 

The measurement block 1 contains all precision opto¬ 
electronic system components. The most convenient place 
for its installation is the float-tank operator’s post. The mea¬ 
surement block can be placed up to 2 km from the zone of 
measurements. This distance is determined by the maximum 
length of fiber-optic cable 2 (limited by optical losses in fiber). 

The optical heads 3 (equal to the number of measurement 
channels 4 ) are placed outside on the annealing furnace roof 
5 outside the high-temperature zone. This eliminated the 
need for cooling and complicated thermal protection. 
Probing radiation is introduced into the annealing furnace via 
transparent protective windows 6 and is directed perpendicu¬ 
lar to the glass ribbon 7. The optical heads allow for remote 
probing of the glass ribbon from height up to 3.5 m. 

The connecting fiber-optic cable 2 provides for transmis¬ 
sion of optical radiation from the measurement block to the 
optical heads and backwards. The use of the fiber cable 
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makes it possible to place the measurement block at a dis¬ 
tance from the measurement zone and, therefore, to com¬ 
pletely remove problems involving its cooling, vibration 
shielding, etc. 

The control block 8 based on a specialized microcon¬ 
troller or a personal computer provides for fully automated 
performance of the system displaying data on digital indica¬ 
tors or on the computer display and, if necessary, transmit¬ 
ting data to the controller of the technological process con¬ 
trol system. The glass ribbon thickness is monitored in real 
time simultaneously in all channels. 

Main specifications of the system 

Absolute error of measuring glass 

ribbon thickness.5 pm 

Resolution.1 pm 

Measurement range of glass 

band thickness.0.1 - 12.0 mm 

(can be expanded) 

Distance between optical head 

and glass surface.Up to 3.5 m 

Site for installing optical heads 

on glass-production line.From the beginning 

of annealing furnace 
to cutting machines 

Distance from measurement block 


to optical head.Up to 2 km 

Number of measurement channels.1 - 10 or more 

Glass thickness update frequency 

in all channels.Twice per second 

Continuous operation duration.More than 50,000 h 


The duration of continuous operation of the system is de¬ 
termined by the service life of the light source (over 
50,000 h). The light source can be replaced in industrial con¬ 
ditions. Servicing of the system is reduced to periodical 
(once in a few months) cleaning of protective peepholes of 
the optical heads, which can become contaminated in contact 
with the annealing furnace atmosphere. 

It is impossible to measure directly the geometrical 
thickness of a glass ribbon using the known optical methods. 
A parameter directly measured in interference measurement 
is optical glass thickness, i.e., the product of geometrical 
thickness by the refractive index. The geometrical thickness 
of the glass ribbon is calculated using the previously deter¬ 
mined refractive index (this parameter is not monitored dur¬ 
ing the measurements). Therefore, a deviation of the refrac¬ 
tive index from the previously found value produces an error 
in determining the geometrical thickness of glass: 

8d = D8n, 

where 8n is the deviation of the refractive index from the pre¬ 
viously found value and D is the geometrical glass thickness. 

Note that sensitivity to the refractive index of glass is not 
a specific feature of the interference system considered; it is 


Toward controller 
of technological process 
control system 



Fig. 3. Block scheme of optical interference system for glass thick¬ 
ness control. 


inherent in other optical methods for glass thickness mea¬ 
surement as well, in particular, in triangulation methods. 

In order to estimate possible errors in determining the 
geometrical thickness of the glass ribbon related to refractive 
index fluctuations, refractive indexes were measured in 22 
float-glass samples from the Borskii Glass Works produced 
at different times and taken from different sites across the 
glass ribbon. It was found that the mean quadratic deviation 
from the mean value of the refractive index is 2 x 10 ~ 4 . The 
maximum measured deviation from the mean value is 
7 x 10 " 4 , which for 10-mm-thick glass corresponds to an er¬ 
ror of 7 pm. Thus, with an accuracy of optical thickness 
measurement equal to 1 pm, the absolute measurement accu¬ 
racy of the geometrical thickness of glass depends on fluctu¬ 
ations of the refractive index and is equal to 5 - 7 pm for a 
glass thickness of 10 mm. 

Another source of error in determining geometrical 
thickness (specific for high-temperature measurements) is re¬ 
lated to insufficiently accurate knowledge of glass tempera¬ 
ture in the measurement zone. The system measures glass 
thickness at a hot point, but for process control it is essential 
to know the thickness of glass after cooling. To determine the 
thickness of cold glass based on its measurements at a hot 
point, one shoidd take into account changes in optical glass 
thickness after cooling. Laboratory experiments indicate that 
the relative change in the optical thickness of float glass pro¬ 
duced at the Borskii Glass Works, as the glass ribbon passes 
from the measurement point to the cold end of the line, is 

- 1.1438 x 10 5 (r h -r c ), 

where T h is the temperature of glass at the measurement 
point and T c is the cold glass temperature. 

At T h = 500°C, the temperature correction to the geomet¬ 
rical thickness of 10-mm glass is 75 pm. To provide the ab¬ 
solute accuracy (5 pm) in determining the thickness of 
10-mm glass, the glass temperature at the measurement point 
should be known with an accuracy of about 30°C. 
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Fig. 4. Plot of glass thickness transition on line LPS-2 along the 
central channel: 1 and 2 ) thickness in the central and extreme left 
(1.5 m to the left of the ribbon center) channels, respectively. 


Interference systems for process control of float-glass 
thickness have been used at the Borskii Glass Works since 
the beginning of 2000 [3], The first 3-channel version of the 
system was installed on the annealing furnace of the first 
production line for polished glass (LPS-1) in spring of 2000 
and after industrial testing in June 2000 was put into service. 
The system provided for fully automated control of the thick¬ 
ness at three points across the glass ribbon with an accuracy 
of 10 pm and issuance of data in real time to the control 
panel and the line controller. Data in the central channel were 
updated once per 1 sec and data in the lateral channels were 
updated once per 2 sec. The control protocols were stored on 
the server of the company computer network. The optical 
heads were placed on the upper roof of the annealing furnace 
20 m from the float-tank. The glass temperature at the point 
of measurement was around 500°C. For two years the system 
was continuously operating without long-time stops for re¬ 
pair and servicing and was dismantled in spring of 2002 due 
to a cold repair of the line. 

This system made it possible to significantly increase the 
line control efficiency, especially during changes in glass 
thickness. After the system was installed, it became possible 
to shorten the transitions several times and, accordingly, to 
decrease glass melt losses. The load on the control-and-mea- 
suring system decreased significantly. Continuous indica¬ 
tions of the glass ribbon thickness in real time provide place 
of mind for operators. The existence of measurement proto¬ 
cols improves the responsibility of operators for their per¬ 
formance. 

At the end of 2001, an upgraded 5-channel interference 
PC-controlled system for glass thickness control was in¬ 
stalled on the second new float-glass line at the Borskii Glass 
Works. The measurement block and the controlling computer 
are installed in the float-tank operator’ room. The optical 
heads are installed on the annealing furnace roof 20 m from 
the float tank (Fig. 2). The distance between the optical head 
and the glass ribbon is 1.1 m. The absolute accuracy of mea¬ 
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Fig. 5. Plot of transition of glass ribbon thickness recorded by 
5-channel system with high time and thickness resolution: 1 ) central 
channel; 2) right intermediate channel (0.75 m to the right of the rib¬ 
bon center); 3 ) extreme right channel (1.5 m to the right of the rib¬ 
bon center). 


suring the ribbon thickness is within the limits of 5 pm, and 
the resolution is 1 pm. The measurement data are displayed 
on the computer display, stored on the hard disk, and trans¬ 
mitted to the line controller. Update of glass thickness data in 
all five channels occurs each second. In March 2001 the sys¬ 
tem was put into service after industrial testing. 

Figure 4 shows the plot of transition from 4-mm glass to 
5-mm glass recorded by the new 5-channel system. It can be 
seen that the system provides for continuous measuring, even 
at moments of the fastest change in the glass ribbon thickness. 

Owing to improved resolution and faster performance, 
the new version of the system makes it possible to monitor 
fine nuances of the glass production process, which used to 
pass unnoticed before. Figure 5 shows glass ribbon thickness 
plots in three channels with time resolution of 1 sec and 
thickness resolution of 1 pm. 

All channels register quasiperiodical fluctuations in glass 
ribbon thickness with a period of slightly over 2 min and an 
amplitude of 20 pm. This correlates with a wave on the up¬ 
per surface of glass with a period of 6 m and an amplitude 
about 20 pm. The outer channel shows ripples with a spatial 
period about 30 cm and an amplitude around 5 pm. The 
wavy surface of glass accounts for discrepancies between the 
control system measurements and the system data, which 
sometimes occur. The origin of these waves is not yet clear. 
Thus, technologists have the possibility of observing pro¬ 
cesses that used to be inaccessible for observation. 

In August 2002, after a cold repair, an upgraded version 
of 5-channel interference system for monitoring glass thick¬ 
ness operated by a special microcontroller was installed on 
the float-glass production line at the Borskii Glass Works. 
The measuring and the controlling blocks are placed in the 
float-tank operators’ room. The optical heads are installed on 


































Optical Interference System for Controlling Float-Glass Ribbon Thickness 


41 


the annealing furnace roof 20 m from the float-tank (Fig. 2). 
The distance between the optical head and the glass ribbon is 
1.1 m. The absolute accuracy of measuring glass ribbon 
thickness is within the limits of 5 pm, and the resolution is 
1 pm. The measurement data are displayed on the external 
indicator dial and transmitted to the line controller. The data 
in all five channels on glass thickness are updated each sec¬ 
ond. In October 2002 the system was accepted for service af¬ 
ter industrial testing. 

The three-year experience of using interference control 
systems for glass thickness has proved their high reliability 
and efficiency and has opened up new opportunities in con¬ 
trolling the process. 

Based on the system described above, a new system with 
a scanning head was designed at the end of 2002 to control 
the cross-section profile of glass ribbon thickness at the exit 
from the annealing furnace in front of the first glass-breaking 
machine. The system is currently being tested. Its specifica¬ 
tions are as follows: measurement accuracy 5 pm, thickness 
resolution 1 pm, measurement update 10 times per 1 sec. 
The system can measure thickness of glass with an angle up 
to 0.5° without losing accuracy, which is better by an order 
of magnitude than the analogous parameter in contemporary 
triangulation systems and makes it possible to measure glass 
thickness in the immediate vicinity (about 20 mm) of the 
trace of the edge-forming machine. Figure 6 represents the 
cross-section profile of glass. It is apparent that continuous 
monitoring of the glass ribbon thickness in the hot zone 
makes it possible to maintain thickness close to the lowest 
rated value, whereas deviations in thickness across the rib¬ 
bon width do not exceed 0.07 mm. 

As a consequence of laboratory experiments, new possi¬ 
bilities for application of interference diagnostic systems in 
the glass industry have been identified. An example is mea¬ 
suring the thickness of layers in laminated glasses, such as 
triplex. Triplex glass can be measured using the same equip¬ 
ment as measuring float-glass thickness; it is just software 
that has to be adjusted, and in some cases the design of opti¬ 
cal heads has to be modified. Another promising use for the 
new measuring systems is measuring the size of glass articles 
of complex shape, such as measuring the thickness of bottle 
walls and bottom or thickness of thin glass tubes. Such mea- 



Coordinate, mm 

Fig. 6. Cross-section profile of glass ribbon on production line 
LPS-1. The boundaries correspond to full width of the ribbon. 


surements were demonstrated in laboratory simulations of 
the interference control system. 

It is also interesting to shift the glass thickness control 
zone to a higher-temperature area, i.e., to the float-glass tank. 
There are no fundamental obstacles to doing this, since none 
of the instruments is located directly in the high-temperature 
zone and none experience the effect of high temperature, 
whereas the possibility of probing a glass ribbon from a dis¬ 
tance up to 3.5 m was experimentally tested. The interfer¬ 
ence system with gage heads located above the glass ribbon 
outside the high-temperature zone provides for unique con¬ 
trol possibilities in the float tank, where optical access from 
below is impossible. 
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port of A. A. Andronov, Correspondent Member of the Rus¬ 
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